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Non-technical summary
With many industries experiencing significant concentration processes during the last years, suppliers are increasingly confronted with powerful buyers. The common belief is that exertion of buyer power negatively affects the innovation decisions of suppliers. The rationale behind this view is that buyer power leads to decreasing profits of suppliers, which at the same time lowers their investment incentives.
This explanation may be too narrow as competition in the buyer market may spur suppliers' innovation incentives. We consider both the price and the technology dimension of buyer market competition. A powerful buyer confronted with strong price competition might have the incentive to demand lower prices or higher quality in order to gain a cost advantage or to differentiate away from competitors. Moreover, for suppliers exposed to powerful technologically competing buyers it may be a precondition to be innovative and to utilize knowledge spillovers from the buyer side. Then supplier and buyer need cooperation and collaboration which requires considerable investments into their relationship. In turn this leads to a stronger bargaining position for the supplier and thus increases innovation incentives.
A few empirical studies are dedicated to the analysis of buyer power and suppliers' incentives to innovate and they frequently find a negative relationship. However these studies lack an objective measure for buyer power or merely use industry measures. Furthermore the focus is by now on particular industries which are perceived to be heavily affected by concentration processes among buyers. Besides, all these studies tend to neglect the dimensions of competition in the buyer market.
We analyse the relationship between buyer power and suppliers' innovation incentives empirically in different stages of the innovation process. That includes the innovation decision and the decision on the intensity of innovation activity. We apply firm level data provided by the Mannheim Innovation Panel (MIP). Our dataset comprises 1,129 observations from German firms across manufacturing and service sectors and allows us to apply objective measures for buyer power taking account of a supplier's economic dependency from the largest three customers and the buyers' opportunities to switch to competing suppliers.
We find a negative effect of buyer power on a supplier's likelihood to invest in R&D. This negative effect is mitigated by the intensity of price competition in the downstream market. In contrast, we find no evidence of buyer power to affect a supplier's decision how much to invest in R&D directly. Instead, there is weak evidence that the effect of buyer power depends on the intensity of technology competition in the downstream market. The stronger the technology competition downstream, the lower R&D investments of a supplier confronted with a powerful buyer.
Introduction
The impact of market structures on innovation activities has received much attention in innovation research. The vast majority of the literature concentrates on the effects of horizontal competition on innovation incentives and neglects the incentives resulting from vertical interactions in markets. With many industries experiencing concentration processes suppliers are often confronted with powerful buyers. Yet, relatively little is known about how powerful buyers may affect innovation incentives of upstream firms. A common belief is that exertion of buyer power negatively affects innovation decision of suppliers because buyer power will lead to decreasing profits of suppliers, which at the same time lowers their investment incentives. This is expected to reduce the variety in suppliers' range of products (OECD, 1998; European Commission, 1999; Inderst and Shaffer, 2007) . However, recent theoretical findings suggest that buyer power might have positive impacts on the suppliers' innovation incentives (Inderst and Wey, 2007; Inderst and Wey, 2011) .
So far, the role of suppliers' innovation incentives in the presence of powerful buyers has been discussed largely from a theoretical perspective. 1 From an empirical point of view, only a few studies exist that analyse suppliers' incentives to innovate when facing a powerful buyer. These studies often lack an objective measure for buyer power on firm level but rather use either aggregated industry measures or firms' subjective assessment whether they are confronted with powerful buyers. Furthermore, analyses of the relationship between buyer power and suppliers' incentives to innovate are mostly focused on particular industries which are perceived to be heavily affected by concentration processes among buyers. Besides, all these studies tend to neglect the dimensions of competition in buyer markets.
We argue that it does make a difference for the upstream firm whether it is supplying to a buyer engaged in intensive competition or to a buyer facing no or only low level competition. We consider both the price and the technology dimension of competition in the downstream market. A powerful buyer confronted with strong price competition might have the incentive to align innovation activities along the value chain in order to gain a cost advantage or to differentiate away from competitors. Moreover, it may be a precondition to be innovative and to utilise knowledge spillovers from the buyer side for firms supplying to powerful buyers which are exposed to intensive technological competition. What is more, fierce technological competition in the buyer market may generate new technological opportunities for suppliers to invest in own R&D activities. As a consequence competition in the buyer market may lead to increased innovation incentives on the supply side.
We test these hypotheses empirically with a dataset that contains 1,129 observations from German firms across manufacturing and service sectors based on the German Innovation Survey. In contrast to existing studies the dataset enables us to apply an objective measure for buyer power which takes account of a supplier's economic dependency from the largest three customers and the buyers' opportunities to switch to competing suppliers. We decompose the effects of buyer power on the suppliers' innovation incentives into the effect on the decision to start innovation activities and the effect on the amount of resources spent on innovation.
Our results show that buyer power shapes a supplier's innovation incentives. In addition, the type of competition in downstream markets matters but it affects supplier's innovation decision at different stages differently. We find a negative effect of buyer power on a supplier's likelihood to invest in R&D. This negative effect is mitigated by the intensity of price competition in the downstream market. Our finding implies that a supplier confronted with buyer power has a higher likelihood to start R&D activities, if price competition in the buyer market is strong. In contrast, we find no evidence of buyer power to affect a supplier's decision how much to invest in R&D directly. Instead, there is weak evidence that the effect of buyer power depends on the intensity of technology competition in the downstream market. The stronger the technology competition downstream, the lower R&D investments of a supplier confronted with a powerful buyer. Our interpretation of this result is that for firms supplying to highly competitive industries in terms of technology, it is a precondition to have R&D activities but it seems that at the same time suppliers are not able to improve their bargaining position with further investments into a supplier-buyer relationship. Hence, powerful buyers are able to extract a larger share of joint profits which reduces suppliers innovation incentives compared to independent suppliers.
The remainder of this paper is organised as follows. Section 2 reviews the existing theoretical and empirical literature on the effects of buyer power on suppliers' innovation incentives and explores the possible effects of the type of competition prevailing in the buyer market. Section 3 presents the data, the variable specification and our estimation strategy. Descriptive statistics as well as estimation results are presented in section 0. Section 5 provides a discussion of the results while section 6 concludes and offers further directions of research.
Theoretical framework

Buyer power and innovation incentives
Literature provides different approaches to the emergence and impacts of buyer power. In contract theory it is assumed that supplier and buyer negotiate bilaterally over prices and quantities of the respective good or service to be traded. Given that contracting between the supplier and the buyer leads to joint profit, the split of the profit then depends on the bargaining position of each contracting party. The strength of the bargaining position and hence bargaining power is determined by the profits to be realised when the contract is made with an alternative supplier or buyer. The higher such outside-option payoffs in relation to the counterparts outside-option payoffs the stronger the bargaining position of the respective contractor. According to this approach, buyer power results from the fact that more valuable outside options are at the disposal of the buyer thereby allowing the buyer to extract a larger share of joint profits (Inderst and Valletti, 2007; Dobson and Inderst, 2008) . In this paper we adopt the view of buyer power being a consequence of bargaining power exerted by the downstream firm (buyer) on the upstream firm (supplier) (Dobson and Inderst, 2008; Inderst and Mazzarotto, 2008) .
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When deciding on investment in innovation efforts a supplier will consider the discounted value of future rents collectable from this activity and whether these rents are appropriable. Given that buyer power results from a stronger bargaining position of the buyer relative to the supplier, the effect of buyer power on suppliers' innovation incentives seems to be clear-cut: When facing powerful buyers, the supplier has less incentive to innovate, as the appropriability of innovation rents is too low. Recent theoretical studies show, however, that buyer power may provide additional innovation incentives for suppliers. Suppliers facing large buyers have an incentive to invest in both product and process innovations, given that size is the sole source of buyer power (Inderst and Wey, 2007) . While process innovation allows lower unit costs at high volumes compared to a supplier facing many smaller buyers, product innovation renders higher revenues compared to the old product. Either way, supplier innovation leads to a devaluation of the buyer's outside options and in turn strengthens the bargaining position of the supplier allowing for a larger share of joint profits.
Given the life-cycle hypothesis of Utterback and Abernathy (1975) , a positive effect of buyer power on suppliers' innovation incentives might also occur since suppliers with few buyers may suffer less from uncertainty over innovation demand of buyers and therefore have a declined risk of innovation failure (Klepper, 1996) . In addition, a larger size of orders might induce higher incentives for suppliers to engage in R&D as there is more certainty in the sales of new products (Peters, 2000) .
In contrast, merger in buyer markets may reduce incentives for product differentiation by suppliers. Product differentiation is often linked to innovation since entering new product markets typically constitutes an innovation activity. In case of a buyer merger, the consolidated buyer may be better off using a single sourcing strategy, i.e. to stock only goods of one supplier. If the likelihood of a buyer merger is increasing, this strategy will lead to a lower degree of product differentiation of suppliers (Inderst and Shaffer, 2007) . Large buyers may have an incentive to force their suppliers into contracts which constitute an exclusive relationship between supplier and buyer. Such supply contracts will reduce upstream innovation because suppliers will bear disadvantages of low-scale production and have less incentive to innovate (Stefanadis, 1997) . What is more, larger buyers can more credible threat to integrate backwards (Katz, 1987; Inderst and Wey, 2007) and may intensify competition on supplier markets. By breaking up collusion among suppliers they lower suppliers' profits (Scherer and Ross, 1990 ). This effect is increasing in the size of the buyer (Snyder, 1996; Snyder, 1998) . Also, they are in a position to alleviate market entries on the supply side, e.g. by overtaking fix costs of otherwise unprofitable entrants or pre-committing some of their purchases (Dobson and Inderst, 2008) .
The concern about negative effects of buyer power on innovation incentives of suppliers led the UK Competition Commission (CC) to conduct a market investigation focusing on adverse effects on competition in the supply for groceries in the UK due to the behaviour of retailers. One part of the investigation examined whether buyer power of retailers may "impose excessive risks and unexpected costs on suppliers, which reduces suppliers' incentive or ability to invest and innovate. This could lead to reduced capacity, reduced product quality and fewer new product offerings" (Competition Commission, 2008, p. 157) . Although the CC did not find evidence that UK grocery suppliers exhibit less innovation efforts, they expect the innovation performance to be decreasing in future if consequences of buyer power, e.g. retrospective price adjustments or excessive transfer of risks, continue at the observed level (Competition Commission, 2008, p. 173) .
Empirical studies frequently find a negative relationship between buyer power and innovation activities of suppliers. These existing studies follow quite different approaches to capture buyer power and innovation incentives of suppliers. Farber (1981) analysed the effect of market structure in the buyer market on R&D efforts in supplier industries using cross-sectional industry level data of 50 4-digit manufacturing SIC-industries from the US. Market structure in both supplier and buyer markets is measured by concentration ratios, reflecting the share of industries sales generated by its four largest enterprises. Employing a simultaneous equation model explaining the share of scientist and engineers in the workforce, the advertising intensity and the seller concentration rate, he finds evidence that concentration in the buyer market affects R&D incentives of suppliers. However, the sign of this effect depends on the concentration in the supplier market. If the supplying industry is weakly concentrated, an increase in concentration of the buyer industry will have a negative effect on the share of scientists and engineers in the workforce. Conversely, this effect is positive if the market concentration in the supplier industry is sufficiently high.
This findings are in line with the results of Peters (2000) who investigates the effect of market structure in the buyer market both on suppliers' innovation inputs and innovation outputs using firm-level data consisting of 401 German automotive suppliers. Innovation inputs are measured by R&D expenditure divided by sales as well as by total innovation expenditure divided by sales. 3 Innovation output is captured by the introduction of product or process innovations within a two year span. Market structure in the buyer industry is represented by industry's concentration ratio (CR3) and by an additional dummy variable indicating whether the supplier has 10 or more customers. Regarding innovation intensity, the result indicates that firms supplying highly concentrated buyer industries exhibit lower levels of innovation intensity. The negative correlation is mitigated, however, if suppliers are operating in a concentrated industry. With respect to R&D intensity, market structure in the buyer industry is found to moderate the effect of market structure in the supplier industry. Suppliers operating in a concentrated industry and supplying highly concentrated buyer industries exhibit a significantly higher R&D intensity. Conversely, suppliers operating in a concentrated industry and supplying buyer industries with a low degree of concentration show significantly lower R&D intensities. Interestingly, there is no evidence that the market structure of buyer industries has a significant impact on the supplier's probability to introduce new products. Also, the suppli-er's probability to introduce process innovations is not affected by the concentration in the buyers industry but by the number of customers. Weiss and Wittkopp (2003a; 2003b) use survey data from German food manufacturers. Innovative activity is measured by the overall number of new products introduced within a three year time span (Weiss and Wittkopp, 2003b) and by the number of new products with either regular or superior quality introduced within a three year time span (Weiss and Wittkopp, 2003a) . Market power of the retailers is captured by firms' assessment whether retailers are able to exert pricing pressure on them on a scale ranging from 1 (very low) to 5 (very high). Using a small sample of 88 and 87 firms, respectively, they observe that suppliers experiencing very high pricing pressure of retailers introduce significantly less new products. With respect to quality differences among the newly introduced products they yield mixed results. While they observe a negative relationship between retailers' pricing pressure and the number of new products with regular quality, retailers' pricing pressure does not have a significant effect on the number of new products with premium quality.
The role of downstream competition
So far, researchers rarely looked at the type of competition in the buyer market when analysing the relationship between buyer power and suppliers' innovation incentives. We argue that it is important to take the competitive environment of the buyer into account because it is likely to be transferred by a powerful buyer to the upstream market. We will distinguish between a price and a technology dimension of competition. Let us first consider the price dimension of competition. If price competition in the downstream market is strong, margins are low. Then a powerful buyer may squeeze suppliers' profit margins to gain competitive advantages over competitors. Supplying firms need to supply a higher quality (a higher quantity) to the same price or conversely, the same quality (the same quantity) to a lower price. In result the magnitude of expected innovation rents may be too small to induce R&D investments on the suppliers' side, especially against the background of a high failure risk and the financial burden attached to an innovation project. In contrast to this traditional argument which is brought forward frequently (OECD, 1998; Competition Commission, 2008) , suppliers can strengthen their bargaining position relative to the buyer by realising lower unit costs at high volumes (Inderst and Wey, 2007) . This increases process innovation incentives for suppliers as outside options of the buyer are devaluated and suppliers can appropriate a higher share of innovation returns.
If price competition in the downstream market is strong, buyers may aim to increase their margins by differentiating away from each other. This would also decrease price competition.
In this case buyers may use their power to stimulate suppliers' product innovation activities in order to align innovation activities along the value chain. However, investments in R&D on the supplier side may be necessary to make use of the buyer's innovation impulses since knowledge acquired from the buyer has to be integrated in the supplier's knowledge stock before it can be commercially exploited. The effect of suppliers' in-house R&D may hence be twofold: to generate new knowledge and to create absorptive capacity which allows evaluation and exploitation of externally available knowledge (Cohen and Levinthal, 1989 ). This knowledge exchange will likely result in the building of co-specialised assets (Teece, 1986) .
Such a situation obviously increases innovation incentives on the supply side as the supplier's bargaining position relative to the buyer improves and allows a more favourable split of the joint profit. Suppliers' innovation incentives may be even further spurred if specific demands of powerful buyers are anticipatory for larger market segments in the future (von Hippel, 1988) . Hence, suppliers exposed to buyer power and strong price competition in the downstream market have higher innovation incentives than suppliers with powerful buyers that are less exposed to price competition. We derive our first hypothesis accordingly:
Hypothesis 1: Buyer power will have a more positive effect on suppliers' innovation incentives the stronger the price competition in the buyer market.
Another dimension of competition in the buyer market is technology intensity which is likely to be transferred to the supplier market as well. Intense technology competition urges buyers to invest heavily into the development of new products and new process technology, which reduces their profits. In the context of patent races, some part of this investment may not be turned into commercial success but is sunk, hurting profits further (Fudenberg et al., 1983) . Buyers with bargaining power vis-à-vis their suppliers may use this power to shift a significant share of these costs and risks to their suppliers. In order to maintain commercial relations with buyers, suppliers will have to invest into own R&D efforts along the innovation activities of their buyers. Consequently, suppliers' innovation incentives are higher than in a situation with low technology intensity in the downstream market. In fact, many studies found buyers are a main source for technological advance in upstream firms (Klevorick et al., 1995) .
Technology competition in the buyer market can also be seen as technological opportunity for suppliers. The higher R&D investments carried out in the buyer market, the more demand there is also for innovative upstream products (Scherer, 1982) . This leads us to our second hypothesis:
Hypothesis 2: Buyer power will have a more positive effect on suppliers' innovation incentives the stronger the technological competition in the buyer market.
Empirical study
Data
The empirical part of our study employs firm level information from the Mannheim Innovation Panel (MIP) which consists of a representative stratified random sample of German firms. Data collection is carried out by the Centre for European Economic Research (ZEW) on behalf of the Federal Ministry of Education and Research. The MIP has provided annual information on innovative behaviour in the German manufacturing sector since 1992 and in the service sector since 1994 and is at the same time the German contribution to the European Community Innovation Survey (CIS). Definitions of innovation and innovative activities are taken from the OECD's Oslo Manual. The target population of the MIP is enterprises located in Germany with at least five employees.
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The 2005 survey wave of the MIP offers unique information on firms' market environment which is merged with data from the 2006 survey wave to observe innovation behaviour of firms in the following period. Since we are interested in the interaction between upstream and downstream firms, we drop all observations of firms indicating that private households or public institutions are the largest customers. Additionally we exclude all firms reporting that R&D expenditure exceeds their sales to avoid outlier problems. This leaves us with a sample of 1,137 observations for which information on all model variables is available.
Variables
Innovation incentives
A number of authors have proposed different concepts for measuring innovation activities.
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Since we are interested in innovation incentives we choose an input measure as a proxy for the innovation incentives of suppliers, as it represents discounted future rents attached to innovative efforts no matter whether these efforts are successful. We use the R&D intensity which is defined as the expenditure on R&D activities divided by sales. It is widely used as measure of innovation input in the literature (see e. g. Cohen and Levin, 1989; Crepon et al., 1998) .
Buyer power
Our main explanatory variable of interest is buyer power. 6 As we define buyer power to result from a relatively stronger bargaining position of the buyer compared to the supplier, we have to construct a measure which captures whether a supplier is confronted with buyer power or not. One of the factors determining a supplier's bargaining position is the share of sales generated by one buyer, as this measure can indicate substantial economic dependency. Once, "a buyer accounts for sufficiently large fraction of a supplier's overall business, this may lead to a more-than-proportional reduction in the value of the supplier's profits outside a relationship with the particular buyer" (Dobson and Inderst, 2008, p. 339) . This is due to the fact that in case the supplier loses the contract with the buyer, the supplier's economic viability could be undermined. Losing a large contract will result in free capacity on the supplier's side and will require the supplier to significantly lower prices in order to sell the excessive capacity to remaining buyers (Inderst and Wey, 2007) . Therefore, our measure will include the extent to which a supplier's sales depend on its three largest customers.
The degree to which a supplier is confronted with buyer power also depends on the buyer's opportunities to switch to another supplier. The ease of such a switch is determined by the market structure in the supply market on the one hand and the substitutability of the demanded product on the other. A monopoly in the supply market does not allow for an outside op-tion of the buyer, resulting in a powerful bargaining position of the supplier, even if the buyer is a monopsonist. 7 Conversely, a polypolistic supply market and a monopsonistic buyer market enable the buyer to behave opportunistically and might lead to hold-up. That is, after the supplier carried out necessary investments to fulfil contracted obligations, the buyer may initiate ex-post negotiations and force the supplier to accept conditions which reduce profit margins or even lead to loss (Williamson, 1975) . Thus, our measure has to include information about the concentration in the supplier's market and the substitutability of the supplied products. We consider different degrees of buyer power and subsequently define two measures (see Table 1 ) using information on the share of sales generated with the three largest customers, on the number of competitors in the suppliers' main market and whether the suppliers' main product is easy to substitute by competitor products. Our first measure for being exposed to buyer power BP 1 is a dummy variable reflecting the fact that the three largest customers of a supplier account for 50 or more percent of the sales. We interpret this as a degree of dependency from buyers which could seriously undermine the economic viability of a supplying firm. 8 Hence it is included in all measures of a supplier's exposure to buyer power. Our second measure BP 2 equals BP 1 but takes the value one only, if additionally the supplier has either more than 5 competitors or its products are easy to substitute. Compared to BP 1 , this definition reflects a weaker bargaining position of the supplier since it not only covers economic dependency in terms of sales but also a buyer's opportunities to switch to other suppliers.
Dimensions of competition in the buyer market
To derive measures for the intensity of price and technology competition in the buyer market, it is desirable to have information about the identity of the most important buyers. Such data is extremely difficult to obtain through voluntary surveys since most firms will refrain from disclosing such information, and sometimes confidentiality agreements with buyers restrict disclosure at all. In the MIP 2005 survey, firms were asked to name the sector of their three largest customers. Questionnaire instructions helped firms to provide buyer sector information that corresponds to 3-digit level of Nace 9 , though firms did not give industry codes but short description of sectors which have been coded to Nace 3-digits. Based on this sector information, we construct industry level measures of competition. For the degree of price competition we use an industry's price cost margin (PCM) since it gives an indication whether firms are able to achieve margins high above their marginal costs. For the sake of interpretation, we transform the variable to 1-PCM, i.e. values close to zero indicate low price competition in the buyer market and values close to one refer to very intense price competition. As an indicator of technological competition we use a sector's R&D intensity (RDint: R&D expenditure over sales) since firms will dedicate a higher share of their resources to R&D if keeping pace with technological change is crucial for competing in their market.
We do not have information on the location of the largest buyers which implies that we do not know whether they are domestic or international buyers, but we do know the firms' export share in total sales. We calculate both 1-PCM and R&D intensity for Germany and for OECD countries, to capture the intensity of competition on domestic and foreign markets. We weight the values with the respective share of a supplier's domestic and international sales. 10 In addition, we also introduce dummy variables indicating the position of the buyer industry in the value chain. We distinguish between the production of raw materials, intermediaries, capital goods, consumer goods, producer services and consumer services. 
Competitive environment of the supplier
A supplier's incentive to invest in innovation activities may be shaped by the competitive environment in their own market as well. Therefore, we control for concentration in the supplier's market since a monopoly or oligopoly may allow for higher margins and thus for higher investments in R&D or conversely for lower incentives to invest in R&D. 12 Concentration in the supplier's market is measured by two dummy variables capturing the number of main competitors. The first dummy takes the value one if the firm responded to have no competitors and zero otherwise. The second dummy takes the value one if the firm indicated to have at most 5 main competitors and zero otherwise.
What is more, there are firm characteristics which alleviate the influence of powerful buyers and strengthen a supplier's bargaining position. On one hand, compared to a single-productsupplier, a high degree of product diversification offers more outside options to the supplier and allows to escaping from profit squeeze as described above. Hence we include the degree of product diversification of a supplier, measured as the share of sales which is not generated 9 Nace is the industrial classification system used in European Union statistics. This study uses Nace rev. 1.2. 10 For a detailed description of buyer market competition measures see Appendix B. 11 The definition of these industry groups can be found in Table C1 in the Appendix. 12 For an overview of the extensive literature dealing with the effects of market structure on innovation see e.g. Cohen (2010) .
by a supplier's main product line. 13 On the other hand, suppliers may be very active in expanding their marketing activities. The extension of marketing activities can attract new customers and hence increase the number of the supplier's outside options. We control for this by a dummy variable indicating whether the supplier has introduced a new design or new methods for selling products in the past three years.
Further control variables
Following the literature on firms propensity to innovate (see e. g. Cohen, 1995; Crepon et al., 1998) , we also include firm size measured by the number of employees, firm age (in logs), a firm's ability to absorb knowledge measured by the share of graduated employees and whether a firm belongs to an enterprise group as explanatory variables. Moreover, we also control for a firm's sector affiliation and whether a firm is located in the territory of the former GDR.
Estimation strategy
Innovation incentives of suppliers are shaped by a supplier's bargaining position vis-à-vis its buyers and by the type of competition that characterises buyer markets. Accordingly, we model the innovation decision of a supplier to be dependent on a measure reflecting the relation between a supplier's and a buyer's bargaining position, the dimensions of competition in the buyer market as well as further determinants. Since we measure innovation incentives by R&D intensity, we have to take a possible selection bias into account as this variable is only observable for firms that engage in research and development activities. To control for this we apply the well-known generalised Tobit model (Heckman, 1979) .
This approach furthermore enables us to separate the effect of buyer power and buyer market competition on the supplier's probability to start R&D activities from the effect on the decision how much to invest in R&D once the supplier decided to start R&D. As many authors point out, when using a generalised Tobit model one needs to make sure to have an exclusion restriction which explains the selection but not the structural equation and is not correlated to the error term of the latter. We use firm size to be the exclusion restriction for two reasons. First, firm size will positively affect the probability to start R&D activities as larger firms have an advantage in spreading the fix costs of R&D over larger output (Cohen and Klepper, 1996) . At the same time firm size should not have an effect on R&D intensity as the latter is already by definition scaled by size. Second, related research frequently uses firm size as exclusion restriction in this context (see e. g. Griffith et al., 2006) .
In the first stage we estimate the probability of a supplier to spend a positive amount on R&D activities in the next period which is followed in the second stage by the estimation of R&D intensity given the supplier started with R&D activities. 14 Analogous to Crepon et al. (1998) we assume that firms take up R&D activities if discounted future profits from R&D activities are positive. Let RD * i,t+1 be the discounted future profits from R&D of supplier i in period t+1. These expected profits are not observable and depend on the supplier's bargaining position relative to those of the buyer, i.e. whether the supplying firm is subject to the exertion of buyer power (BP), and the intensity of competition in the buyer industry (BC k with k = 1, 2) reflecting the price and technological dimension of competition, respectively. The cross term accounts for possible interactions between a supplier's exposure to buyer power and the type of competition in the downstream market and allows us to test our hypotheses. In addition we include a vector of variables reflecting a supplier's competitive environment (SC) which is likely to shape the innovation incentives of the supplier, too. Other relevant firm specific characteristics are captured by a vector of control variables (X). The unobserved error term is represented by ε. We observe that firms invest in R&D in t+1 if RD * i,t+1 is positive.
Furthermore we assume the true R&D intensity RDint * i,t+1 of supplier i in period t+1 to be determined by a mostly identical set of explanatory variables, i. e. the supplier's bargaining position relative to those of the buyer (BP), the intensity of competition in the buyer industry (BC k with k = 1, 2), the cross terms as well as a vector of variables reflecting a supplier's competitive environment (SC). Firm specific characteristics are captured by vector Y.
We will estimate the following model with equation (1) denoting the selection equation and equation (2) denoting the intensity equation.
(1)
Note that vector X is identical to vector Y with the exception of firm size, since we need to take the exclusion restriction into account. Due to the fact, that RDint * i,t+1 is only observable when RD * i,t+1 is positive, we assume joint normality of both disturbance terms ε i,t and µ i,t . Table 2 shows descriptive statistics of the variables of interest differentiated by a supplier's exposure to buyer power. The descriptive analysis reveals some interesting differences which are robust across the two specifications of the buyer power variable. We find the share of R&D performing firms to be significantly lower in the subsamples of suppliers confronted with buyer power. In fact, the share decreases in the degree of buyer power. Contrastingly, we observe no significant differences in the means of R&D intensity.
Results
Descriptive Statistics
Considering the competition variables in the most important buyer's industry, we find no significant differences between the total sample and the various subsamples. Hence, there is no indication for powerful buyers to have more intensive competition may it be in terms of prices or R&D. We observe a higher share of dependent suppliers to be monopolists when we apply the widest definition of buyer power B 1 . 15 In addition, suppliers being exposed to buyer power are less diversified in their product range, have less employees, show less continuous R&D activities, are younger and a significantly higher share of them is located in the former East Germany. Table 3 shows the estimated coefficients using first a specification without the interaction terms. The columns 1 and 3 show the estimated coefficients of the selection equation while columns 2 and 4 show the estimated coefficients of the intensity equation. With respect to our measures of a supplier's exposure to buyer power we predominantly find effects on the decision how much to invest in R&D. Regardless of the measure for buyer power, the estimated coefficients show a significantly negative sign in the intensity equations with the levels of significance increasing the narrower our definition of buyer power. The magnitude of the coefficient is higher in the estimation using BP 2 , indicating that the effect is stronger the more accurate buyer power is measured. For the selection equation, we find no significant coefficient for BP 1 while BP 2 is negative although it is only weakly significant.
Regression results
Regarding the dimensions of competition in the most important buyer's market -no matter whether this buyer has a stronger bargaining position than the supplier -we find no evidence that price competition is correlated to the probability of a supplier to start R&D activities when applying BP 1 . For BP 2 however there is a weakly significant negative correlation, i. e. the stronger price competition in the downstream market, the lower a supplier's probability to start R&D activities. Across both model specifications we find no evidence that downstream price competition affects the R&D intensity of suppliers. Regarding R&D competition in the downstream market, we find weakly significant coefficients in the selection equation while the coefficient estimates are insignificant for the intensity equation across both model specifications. Hence, downstream R&D competition intensity positively affects the decision to start R&D while it has no consequences for a supplier's decision how much to invest. With respect to the further explanatory variables we find highly robust results irrespective of the applied measure of buyer power exposure. Suppliers holding a monopoly exhibit a lower likelihood to invest in R&D but once they decided to start R&D activities they invest more in R&D. In addition, we find significantly positive coefficients in the selection equation for larger firms and for suppliers who introduced marketing instruments. For the share of graduated employees we find significantly positive coefficient estimates in both equations of the model, implying that higher absorptive capacity contributes positively to the likelihood of investing in R&D as well as to a higher R&D intensity. Similarly, performing continuous R&D activi-ties also positively affects both the likelihood of starting R&D as well as the R&D intensity. For a supplier being part of an enterprise group we find significantly negative coefficients in the intensity equation which indicates that R&D is optimized within the group and resources are allocated accordingly among subsidiaries. Mills lambda is significant in our estimations using BP 2 , which is an indication that controlling for selection is necessary in our dataset.
Let us now consider the results of the estimations including the interaction terms which are presented in Table 4 . Again, columns with odd numbers show the estimated coefficients of the selection equation while columns with even numbers show the estimated coefficients of the intensity equation. Compared to Table 3 , we now see significant effects of buyer power in both selection equations. Regardless of the measure, we find significantly negative coefficients of buyer power. The inclusion of the interaction terms disentangles countervailing effects of buyer power and the intensity of price competition in buyer markets. The estimated coefficients of the interaction with price competition in the buyer market are significantly positive with the level of significance being stronger for BP 1 though. Our findings imply that having a less powerful bargaining position than the most important buyer reduces the likelihood of a supplier to start R&D activities. This negative effect is mitigated, however, if the powerful buyer faces strong price competition.
A similar effect in the selection equations is found for the effect of price competition in buyer markets. In contrast to the results of the baseline model, the inclusion of interaction terms yields strongly significant coefficient estimates in both selection equations. Hence, we find a negative correlation of price intensity in buyer markets with a supplier's probability to start R&D which suggests that having buyers who operate in a highly competitive environment with respect to prices reduces a supplier's likelihood to invest in R&D. Interestingly, if buyers have a stronger bargaining position compared to suppliers, this negative effect is mitigated.
The estimated coefficients of buyer power, price competition in the buyer market and its interactions are more significant in the selection equation which applies BP 1 . The reason for this is most likely that the lower number of observations in the group of BP 2 in combination with additional two interaction terms regarding competition intensity in buyer markets increases the standard error and lowers the level of significance for estimated coefficients. Considering the effect of buyer market R&D competition we find neither a significant effect of the main term nor the interaction with buyer power.
The significant results of the intensity equations regarding the main terms of buyer power are not robust to the inclusion of the interaction terms. While BP 1 looses significance completely, the significance level of BP 2 drops from 1 to 10 percent. The interaction effect with R&D competition intensity in the buyer market is significantly negative in the specification applying BP 1 -although the level of significance is rather low -while it is insignificant for BP 2 . In addition, the inclusion of the interaction terms reveals leads to significantly positive coefficient estimates of buyer market R&D competition intensity which implies that the higher the R&D intensity in the buyer market, the higher the R&D intensity of a supplier. The results presented in column 6 suggest however, that this positive impact is countervailed if the supplier is subject to the exertion of buyer power. We find no evidence of buyer market price competition intensity to affect the R&D intensity of suppliers, neither directly nor when interacted with buyer power. Yet the results of the Wald test show that the Null-hypothesis of the coefficient estimates of buyer power and its interactions being zero, can be rejected at reasonable levels of significance.
The estimated coefficients of all other explanatory variables are robust to the inclusion of the interaction terms, i.e. they keep their sign and their significance in the selection as well as in the intensity equation.
Discussion
The aim of this paper is to analyse the relationship between buyer power and innovation incentives of supplying firms while taking the type of competition in the buyer market, namely price and technology, into account. While theory provides mixed results about this relationship, empirical studies typically find a negative correlation between buyer power and suppliers' innovation incentives. However, most studies are limited to certain industries and apply measures of buyer power generated either on an industry level or by subjective assessments of suppliers. Moreover, they do not consider the type of buyer market competition and likely effects on suppliers' innovation incentives. We argue that both dimensions of competition increase suppliers' incentives to innovate in combination with buyer power.
We benefit from a dataset that provides data on firms both from manufacturing and service sectors on a supplier's exposure to buyer power with respect to economic dependency from the largest three customers and the buyers' opportunities to switch to competing suppliers. Using these measures our baseline model shows that -once a supplier decided to invest in R&D -buyer power negatively affects the intensity of R&D investments which is largely in line with the existing empirical evidence. For the narrower definition of buyer power we also find suppliers to be less likely to invest in R&D at all.
When including interaction terms that relate buyer power to the type of competition in the buyer market, we find interesting differences. A countervailing effect appears for suppliers that face powerful buyers operating under strong price competition, i.e. having a powerful buyer lowers a supplier's probability to start own R&D efforts but if this buyer competes intensely in prices this negative effect is alleviated. This finding is in line with our first hypothesis that buyer power will have a more positive effect on suppliers' innovation incentives if price competition in the downstream market is high. Under this circumstance buyers apparently use their power to stimulate suppliers' product innovation activities which requires investments on the supplier's side to make use of the buyer's innovation impulses. This in turn increases innovation incentives on the supply side as the supplier's bargaining position relative to the buyer improves and allows a more favourable split of the joint profit.
On the contrary, we find no evidence for a positive effect on suppliers' innovation incentives if the powerful buyer operates under intense technology competition. Instead, we find a negative effect of technology competition in the downstream market in combination with buyer power on a supplier's decision on how much to invest in R&D activities. This effect is not robust, however, to a variation in the measure of buyer power. Nevertheless, it contradicts our second hypothesis, which stated that buyer power will have a more positive effect on suppliers' R&D incentives the stronger downstream technological competition. Apparently, for firms supplying to highly competitive industries in terms of technology, it is a precondition to have R&D activities but at the same time further investments into the relationship with a powerful buyer are not beneficial since powerful buyers are able to extract a larger share of joint profits.
For practitioners at least three implications can be derived. First, the dimensions of competition in the downstream market matter for the innovation incentives of suppliers. They affect however different stages of a supplier's innovation decision. While downstream price competition affects the decision whether R&D investments are carried out, the technology dimension of buyer market competition affects a supplier's decision how much to invest in R&D. Second, buyer power in combination with strong downstream price competition does not necessarily lead to less upstream innovation incentives. In fact, strong buyer market price competition may even spur innovation activities if it is transferred to suppliers by a powerful buyer. This should be kept in mind when assessing mergers regarding their upstream innovation effects. Third, buyer power primarily affects the supplier's decision on conducting R&D or not rather than how much to invest. Hence policies aimed at fostering innovation in sectors where firms are likely to be confronted with buyer power have to take this into account and should be designed accordingly.
Concluding remarks and further research
We examined the effects of buyer power and buyer market competition on suppliers' innovation incentives based on a large sample of firms across many different industries and employing an objective measure of buyer power. Yet there are opportunities for improvements providing various avenues of future research. First, it would be worthwhile from an empirical point of view to extend the analysis on innovation outputs on the firm level. That may include the questions whether the presence of powerful buyers affects innovation success and whether such buyers promote particular types of innovation. Second, suppliers which are confronted with buyer power may choose specific ways to appropriate a sufficient share of innovation rents, patenting for instance. Hence, in such circumstances suppliers may exhibit a different patenting behaviour. Finally, longer time series data may be extremely helpful since there may be a substantial time lag between buyer power, the decision to invest into R&D, and both the corresponding innovation output as well as the use of protection methods for intellectual property.
Appendix B. Calculation of buyer market competition measures
PCM and R&D intensity are calculated for domestic and international markets. For domestic industries both measures are calculated on 2-digit-level Nace rev. 1.2 (except for Nace 24, which is separated in 244 pharmaceuticals and other chemicals) using MIP data. The PCM is calculated as given in equation (4). s it represents sales, m it material costs and w it wages and salaries in industry i and year t. For German data we take the average over the time period from 2001 to 2004.
The calculation of domestic R&D intensity is carried out as shown in equation (5) 
The calculation of the R&D intensity for international markets is carried out as shown in equation (6). RD ci represents the R&D expenditure in country c and industry i in the reference year.
Finally, the international values are weighted with firm i's export share of sales while the domestic values of PCM and RDint are weighted with firm i's share of domestic sales. The sum of both parts yields the variables used for the estimations. 7, 17.2, 17.5-17.6, 18.3, 19.1, 20.1-20.4, 21.2, 22.2, 24.2-24.7, 25.1-25.2, 26.1-26.4, 26.6-26.8, 27.2-27.5, 28.4-28.7, 31.2-31.6, 32.1, 34.3 Capital goods 28. 1-28.3, 29-30, 31.0-31.1, 32.2, 33, 34.1-34.2, 35.1-35.3 Consumer goods 15. 1-15.6, 15.8-15.9, 16.0, 17.3-17.4, 17.7, 18.1-18.2, 19.2-19.3, 20.5, 22.1, 22.3, 24.4-24.5, 29.7, 31.5, 32.3, 33.5, 35.4-35.5, 36.1-36.6 Enterprise services 45, 51, 60.2-60.3, 61.1-61.2, 62.2-62.3, 63.1-63.2, 63.4, 64.1, 65.1-65.2, 66, 67.1, 71.2-71.3, 72.1-72.4, 72.6, 73.1-73.2, 74.1-74.8, 90, 92.1, 92.4 Consumer services 45.4, 50, 52, 55, 60.1, 62.1, 63.3, 64.2-64.3, 67.2, 70.1-70.3, 71.1, 71.4, 72.5, 80.4, 92.2-92.3, 92.6-92.7, 93 Results are derived from Two-sample t tests comparing sample means of dependent and independent suppliers. Asterisks indicate the level of significance that the differences of sample means are not equal 0: * p<0.10, ** p<0.05, *** p<0.01. a Dummy variable 
Appendix C. Additional tables
